Introduction {#sec1_1}
============

Methotrexate (MTX), a folic acid analogue, inhibits the dihydrofolate reductase enzyme and is used as a chemotherapeutic agent \[[@B1]\]. It is also among the first-line drugs used to treat inflammatory diseases such as juvenile idiopathic arthritis, psoriatic arthritis, polymyositis, systemic lupus erythematosus and ankylosing spondylitis \[[@B2]\]. However, there are side effects of MTX, particularly small intestinal toxicity, which is one of its greatest drawbacks. Wang et al. \[[@B3]\] reported mucositis in the small intestine caused by MTX. Theoretically, the addition of folic acid to treatment can reduce the toxic effects of MTX, but so far no consensus has been reached on this. In contrast, it was suggested that the addition of folic acid to the therapeutic MTX dose reduces its efficacy \[[@B4]\]. The relevant studies suggest that oxidative stress plays a key role in the pathogenesis of MTX toxicity because it causes damage by inhibiting enzymatic and nonenzymatic antioxidants, thereby increasing oxidants in tissues \[[@B5]\]. The damage induced by MTX is described to start with the formation of reactive oxygen species, to continue with the activation of transcription factors and release of proinflammatory cytokines such as tumor necrosis factor-α (TNF-α) and interleukin-1β (IL-1β), leading to mucosal damage and cell death \[[@B6]\]. An increased production of TNF-α, IL-1β and myeloperoxidase (MPO) has been demonstrated in small intestinal damage induced by MTX \[[@B7],[@B8]\]. Oxidative stress has been shown to play a major role in intestinal toxicity due to MTX, and this toxic effect may be prevented by antioxidant therapy \[[@B9]\].

Resveratrol (RST; 3,4,5-trihydroxy-trans-stilbene, 5-\[(1E)-2-(4-hydroxyphenyl)ethenyl\]-1,3-benzenediol) is a polyphenolic compound \[[@B10]\] with reported antioxidant and anti-inflammatory effects. It prevents cell death through increased IL-1β in chondrocytes and antagonizes the effect of TNF-α \[[@B11],[@B12]\]. Therefore, the objective of this study was to assess the impact of RST on oxidative stress induced by MTX in rat ileum tissue by evaluating biochemical and histopathological changes and analyzing gene expression.

Materials and Methods {#sec1_2}
=====================

Animals {#sec2_1}
-------

All animals used in this experiment were obtained from the Center of Medical Experiments and Research, Recep Tayyip Erdogan University, Rize, Turkey. A total of 24 male albino Wistar rats, each weighing 230-240 g, were randomly chosen and divided into 4 groups, with 6 rats in each group. The rats were kept and fed in the pharmacology laboratory at a normal room temperature (22°C). The animal experiments were performed in accordance with the National Guidelines for the Use and Care of Laboratory Animals and were approved by the Animal Ethics Committee of Recep Tayyip Erdogan University (Ethics Committee No.: 2015/9, dated February 20, 2015).

Chemical Substances {#sec2_2}
-------------------

The chemical substances used in the experiments were RST (Sigma-Aldrich, St. Louis, Mo., USA), thiopental sodium (IE Ulagay, Istanbul, Turkey) and MTX (Med-İlaç, Istanbul, Turkey).

Test Groups {#sec2_3}
-----------

The study was divided into 4 groups, each including 6 rats. The rats were orally administered the following each day for 30 days: group 1 (MTXG), MTX (5 mg/kg), which caused gastric damage \[[@B5]\]; group 2 (RMTXG), RST (25 mg/kg) followed 1 h later by MTX (5 mg/kg); group 3 (RSTG), RST (25 mg/kg), and group 4 (controls), distilled water only. At the end of the 30th day the rats were sacrificed under high-dose thiopental sodium anesthesia, and their ilea were taken out and assessed for malondialdehyde (MDA), total glutathione (tGSH) and glutathione peroxidase (GSH-Px) levels. Gene expression of IL-1β, TNF-α and MPO, as well as histopathological features, were also assessed. The results obtained in the MTXG were compared to those of the RMTXG, RSTG and control groups. All data are presented as gene expression values, unless otherwise indicated.

Biochemical Analysis {#sec2_4}
--------------------

### Preparing the Samples {#sec3_1}

A sample of 25 mg of tissue was homogenized using a solution of 1.15% KCl (Merck, Darmstadt, Germany). The homogenates were centrifuged at 4,000 rpm for 30 min at 4°C and the supernatants were separated by decantation for the measurement of GSH-Px and MDA.

Another 25 mg of tissue was washed with isotonic sodium chloride (NaCl; IE Ulagay) for tGSH analysis. First, the NaCl was removed from the samples, then the final volume was brought up to 2 ml by adding a phosphate buffer solution \[0.213 g of NaH~2~PO~4~**∙**2H~2~O, 1.563 g of Na~2~HPO~4~**∙**2H~2~O (Merck), 0.038 g of EDTA (Sigma-Aldrich) in 100 ml of distilled water at pH 7.4\].

The tissues were homogenized in an icy environment and centrifuged at 1,000 rpm for 15 min at a temperature of 4°C. The supernatants were separated and used for the measurement of protein concentration according to the method described by Bradford \[[@B13]\].

### MDA Analysis {#sec3_2}

The MDA levels were determined spectrophotometrically at 532 nm according to the method described by Ohkawa et al. \[[@B14]\]. This method is based on spectrophotometric measurement of absorbance of the pink-colored complex which is formed by thiobarbituric acid and MDA at a high temperature (95°C). The 0.1 ml of supernatant separated for the measurement of GSH-Px and MDA was added to a solution containing 0.1 ml of 8.1% sodium dodecyl sulfate, 1.5 ml of 20% acetic acid (Merck), 1.5 ml of 0.9% thiobarbituric acid (Sigma-Aldrich) and 0.3 ml of dH~2~O. The mixture was incubated at 95°C for 1 h. Upon cooling, 5 ml of n-butanol:pyridine (v/v, 15:1; Merck) was added. The mixture was vortexed for 1 min and centrifuged for 30 min at 4,000 rpm. The absorbances of the 0.15-ml final solutions were measured by spectrophotometry at 532 nm. The standard curve was obtained by using 1,1,3,3-tetramethoxypropane (Sigma-Aldrich).

### tGSH Analysis {#sec3_3}

tGSH analysis was measured according to the method described by Sedlak and Lindsay \[[@B15]\]. In this method, sulfhydryl groups of GSH form a yellow-color TNB (5-thio-2-nitrobenzoic acid) following a chemical reaction with DTNB (5,5′-dithiobis \[2-nitrobenzoic acid\]). The intensity of this color is measured spectrophotometrically at 412 nm.

For measurement, a cocktail solution (5.85 ml 100 m[M]{.smallcaps} Na-phosphate buffer, 2.8 ml 1 m[M]{.smallcaps} DTNB, 3.75 ml 1 m[M]{.smallcaps} NADPH and 80 µl 625 U/l glutathione reductase; Sigma-Aldrich) was prepared. Before measurement, 0.1 ml of meta-phosphoric acid (Sigma-Aldrich) was added to 0.1 ml of homogenate to precipitate the proteins, followed by centrifugation at 2,000 rpm for 2 min to remove the precipitated proteins. After this, the 0.15-ml cocktail solution was added to the 50 µl of supernatants described above. The results were compared with the standard curves obtained by using GSSG (Sigma-Aldrich).

### GSH-Px Analysis {#sec3_4}

The measurement of GSH-Px activity was made according to the method of Lawrence and Burk \[[@B16]\] using the supernatant obtained after tissue homogenization. To each 25-µl supernatant solution, 125 µl of phosphate buffer solution (0.988 g Na~2~HPO~4~, 0.379 g KH~2~PO~4~, 0.062 g EDTA, 0.011 g NaN~3~ in 100 ml of distilled water at pH 7.4), 50 µl of cosubstrate mixture (0.004 g NADPH, 0.008 g GSH) and 50 µl of glutathione reductase (in 5 ml of distilled water) were added. This was followed by adding 25 µl of hydrogen peroxide to the mixture. Finally, the reduction in absorbances was recorded spectrophotometrically in 5 min.

Gene Expression of IL-1β, TNF-α and MPO {#sec2_5}
---------------------------------------

### RNA Isolation {#sec3_5}

RNA was isolated from the homogenized ileum tissue samples using the Roche Magna Pure Compact LC device (Roche, Mannheim, Germany) with MagNA Pure LC RNA Kit (Roche). The quantity and quality of the isolated RNA was assessed with a nucleic acid measurement device (Maestro, Nano). The 50-μl RNA samples were stored at −80°C.

### cDNA Synthesis {#sec3_6}

cDNA was synthesized from the isolated RNA samples using the Transcriptor First Strand cDNA Synthesis Kit (Roche). For each subject, 1 μl of ddH~2~O, 10 μl of RNA and 2 μl of random primer were combined and incubated in a thermal cycler for 10 min at 65°C. After incubation, 4 μl of reaction buffer, 0.5 μl of RNAase, 2 μl of deoxynucleotide mix and 0.5 μl of reverse transcriptase were added. The reactions were incubated for 10 min at 25°C, 30 min at 55°C and 5 min at 85°C, and then held at 4°C.

### Quantitative Gene Expression Evaluation by Real-Time Polymerase Chain Reaction {#sec3_7}

For each cDNA sample, gene expression of IL-1β, TNF-α, MPOand thereference gene (G6PD) was analyzed using the Roche LightCycler 480 II Real-Time PCR instrument. PCRs were recorded in a final volume of 20 μl: 5 μl of cDNA, 3 μl of distilled water, 10 μl of LightCycler 480 Probes Master (Roche) and 2-μl primer-probe set (Real-Time Ready single assay, Roche). The cycle conditions of the relative quantitative PCR were preincubation at 95°C for 10 min followed by 45 amplification cycles of 95°C for 10 s, 6°C for 30 s, 72°C for 1 s, followed by cooling at 40°C for 30 s. The quantitative PCR analysis and calculation of quantification cycle (Cq) values for relative quantification were performed with LightCycler 480 software, version 1.5 (Roche). Relative quantitative amounts were calculated by dividing the target genes by the expression level of the reference gene. The reference gene was used for the normalization of target gene expression.

Histopathological Study {#sec2_6}
-----------------------

The ileal tissues taken from the rats were fixed in 10% formalin for 24 h. Following the routine procedures, 4-µm sections obtained from paraffin blocks were stained with hematoxylin and eosin. The stained sections were evaluated with a light microscope (BX 52, Olympus, Tokyo, Japan) by a pathologist who did not know the applied treatment protocol.

Statistical Analysis {#sec2_7}
--------------------

Statistical analyses were performed using the Statistical Package for Social Sciences for Windows version 18.0 (SPSS, Chicago, Ill., USA). Descriptive statistics for each variable were determined. The normality of the data distribution was assessed with the Kolmogorov-Smirnov test. The results for continuous variables were recorded as the mean ± standard deviation (SD). The significance of differences between the groups was determined using a one-way ANOVA test followed by Fisher\'s post hoc LSD (least significant differences) analysis. A p value \<0.05 was considered significant.

Results {#sec1_3}
=======

Biochemical Results {#sec2_8}
-------------------

The MDA level was significantly higher (p \< 0.001) in the group that received MTX (8.33 ± 2.5 μmol/g protein) than that of the RMTXG, RSTG and control groups (3.45 ± 0.71, 2.07 ± 0.16 and 2.9 ± 0.44 μmol/g protein, respectively). There was no statistically significant difference between the RMTXG, RSTG and control groups regarding the MDA levels (p \> 0.05). Also, MDA levels were lower in the RSTG (2.07 ± 0.16 μmol/g protein) than in both the RMTXG and control groups (3.45 ± 0.71 and 2.9 ± 0.44 μmol/g protein; table [1](#T1){ref-type="table"}).

The tGSH level in the MTXG (0.97 ± 0.29 nmol/g protein) was significantly lower than the levels in the RMTXG, RSTG and control groups (4.58 ± 0.75, 5.8 ± 0.18 and 5.23 ± 0.7 nmol/g protein, p \< 0.001, respectively; table [1](#T1){ref-type="table"}). The GSH-Px level in the MTXG (5.22 ± 0.35 U/g protein) was significantly lower than the levels in the RMTXG, RSTG and control groups (10.25 ± 1.33, 17.67 ± 1.51 and 12.17 ± 1.83 U/g protein, p \< 0.001, respectively; table [1](#T1){ref-type="table"}). The highest tGSH and GSH-Px levels were obtained in the RSTG. Thus, RST inhibited the tGSH and GSH-Px decreases induced by MTX.

Gene Expression Results {#sec2_9}
-----------------------

The IL-1β level in the MTXG (40.33 ± 5.43) was significantly higher than in the RMTXG, RSTG and control groups (16.17 ± 3.71, 8.22 ± 0.38 and 11.33 ± 2.07, respectively, p \< 0.001; table [2](#T2){ref-type="table"}). The TNF-α level in the MTXG (6.08 ± 0.59) was significantly higher than in the RMTXG, RSTG and control groups (2.23 ± 0.53, 1.55 ± 0.19 and 2.15 ± 0.33, respectively, p \< 0.001; table [2](#T2){ref-type="table"}). The MPO gene expression level in the MTXG (9 ± 1.41) was higher than the levels in the RMTXG, RSTG and control groups (4.18 ± 0.35, 1.95 ± 0.1 and 3.43 ± 0.48, respectively, p \< 0.001; table [2](#T2){ref-type="table"}).

Oral MTX enhanced IL-1β, TNF-α and MPO gene expression in rat ileum tissue. On the other hand, RST inhibited the increase in IL-1β, TNF-α and MPO gene expression induced by MTX (p \< 0.001). RST also suppressed IL-1β, TNF-α and MPO gene expression in the healthy tissue. The IL-1β, TNF-α and MPO gene expression in the RMTXG, RSTG and control groups was significantly lower than that in the MTXG (p \< 0.001; table [2](#T2){ref-type="table"}).

Histopathological Results {#sec2_10}
-------------------------

In the ileal mucosa of the MTXG (fig. [1a](#F1){ref-type="fig"}; indicated by the thin arrow), widespread necrosis, severe polymorphonuclear leukocyte (PNL) infiltration, mixed inflammatory cell infiltration and marked inflammation were observed. The same findings were found in the submucosa, indicated by the bold arrow in figure [1a](#F1){ref-type="fig"}. Additionally, in the MTXG, villus epithelial damage in the mucosa (thin arrow) and crypt necrosis (thick arrow) were observed (fig. [1b](#F1){ref-type="fig"}). No necrosis was observed in the RMTXG which received RST. The normal superficial villus epithelium and crypt epithelial cells of the RMTXG are shown in figure [1c](#F1){ref-type="fig"}. The RMTXG showed only mixed inflammatory cell infiltration of mild severity (fig. [1d](#F1){ref-type="fig"}). The normal histopathology in the full-thickness sections of the RSTG and control groups are shown in figure [1e](#F1){ref-type="fig"} and f.

Discussion {#sec1_4}
==========

Our study confirmed the oxidative stress caused by MTX administration in the rat ileum. Oxidative stress is essentially an imbalance between oxidants and antioxidants \[[@B17]\]. In vivo, MDA acts as an oxidant, while GSH reacts as an antioxidant. It has been reported that while MDA is increased, GSH is decreased in oxidative tissue damage \[[@B17],[@B18]\]. In agreement with previous reports \[[@B19],[@B20]\], our study showed that the MDA level was higher and tGSH and GSH-Px levels were lower in the ileal tissues of rats given MTX compared to controls. Our results showed decreased MDA levels but increased tGSH and GSH-Px levels in the ileum tissue of rats treated with RST compared to the MTXG. These findings also confirmed the results of Sener et al. \[[@B21]\]. The oxidative tissue injury caused by MTX could be inhibited by antioxidant molecules through the inhibition of the production of free radicals before damage occurs and even during the already formed oxidative damage \[[@B21],[@B22]\].

In addition, MTX significantly increased the IL-1β, TNF-α and MPO gene expression in the ileum tissue of rats in the MTXG. These findings support the study of Alamir et al. \[[@B7]\] who reported that MTX induced IL-1β and TNF-α gene expression in the tissue of the small intestine. In another study, it is claimed that IL-1β, TNF-α and other cytokines can induce not only local but also systemic tissue damage \[[@B23]\]. IL-1β plays a major role in the inflammatory cascade by causing apoptosis and leukocyte infiltration \[[@B24]\]. The role of cytokines and particularly of TNF-α in intestinal inflammation has been implicated \[[@B25]\].

TNF-α, besides its cytotoxic effect, plays a major role in the regulation of inflammatory reactions and inflammation \[[@B26]\]. TNF-α and IL-1β appear in the early phase of inflammation and over similar signal molecules that lead to an oxidative burst of neutrophils and release of free radicals \[[@B24],[@B26]\].

The PNL activation causes the excessive production of MPO. Therefore, MPO is recognized as a precursor of neutrophil release in tissue damage \[[@B27]\]. It was also reported that MTX significantly increased MPO activity, which was the indicator of the inflammatory response in the small intestine and stomach tissue \[[@B28]\].

The gene expression and biochemical results of this study were fully consistent with the histopathological results. Severe PNL and mixed inflammatory cell infiltration and inflammation were observed in the ileum samples of the MTXG, where we found high values of MDA, IL-1β and TNF-α, but low values of tGSH and GSH-Px. In this study, in the intestinal tissue of rats in the MTXG, we also observed necrosis in the epithelium of mucosa, submucosa, villi and crypts. It has been reported that MTX causes damage in the crypts and villi of the small intestinal mucosa \[[@B29]\]. It has also been claimed that MTX-induced damage in the small intestinal mucosa is related to reactive oxygen species, IL-1β, TNF-α and MPO \[[@B28],[@B30]\]. As far as we know, there is no study in the literature on the protective effect of RST against small intestinal toxicity induced by MTX. However, RST inhibits the MTX-induced increased production of cytokines and oxidants, as well as the decreased production of antioxidants \[[@B30]\]. In our study, RST decreased the oxidant parameters in healthy tissue, increased the antioxidant parameters and also inhibited IL-1β, TNF-α and MPO gene expression.

Conclusion {#sec1_5}
==========

In this study, the biochemical and histopathological tests and gene expression analysis revealed that MTX caused marked damage in the ileum tissue but RST inhibited MTX-induced ileal damage.

![Sections of the ileum tissue of MTXG (**a**, **b**), RMTXG (**c**, **d**) and RSTG (**e**). **a** Widespread necrosis, severe PNL infiltration and marked inflammation were observed in the mucosa (thin arrow). The same findings were found in the submucosa (thick arrow). **b** Villus epithelial damage in the mucosa (thin arrow) and crypt necrosis (thick arrow) were observed. **d** The RMTXG showed only mixed inflammatory cell infiltration of mild severity. **f** Histopathological examination of the ileum tissue of the control group. HE. Original magnification. **a-d** ×100. **e**, **f** ×40.](mpp-0025-0181-g01){#F1}

###### 

MDA, tGSH and GSH-Px levels in the ileum tissues of rats

  Group     MDA,             tGSH,            GSH-Px,
  --------- ---------------- ---------------- --------------
            µmol/g protein   nmol/g protein   U/g protein
  MTXG      8.33 ± 2.5       0.97 ± 0.29      5.22 ± 0.35
  RMTXG     3.45 ± 0.71      4.58 ± 0.75      10.25 ± 1.33
  RSTG      2.07 ± 0.16      5.8 ± 0.18       17.67 ± 1.51
  Control   2.9 ± 0.44       5.23 ± 0.7       12.17 ± 1.83

Values are means ± SD.

###### 

IL-1β, TNF-α and MPO gene expression levels in the ileum tissues of rats

  Group     IL-1β          TNF-α         MPO
  --------- -------------- ------------- -------------
  MTXG      40.33 ± 5.43   6.08 ± 0.59   9 ± 1.41
  RMTXG     16.17 ± 3.71   2.23 ± 0.53   4.18 ± 0.35
  RSTG      8.22 ± 0.38    1.55 ± 0.19   1.95 ± 0.1
  Control   11.33 ± 2.07   2.15 ± 0.33   3.43 ± 0.48

Values are means ± SD.
